This paper reports the electrochemical determination of L-Methionine (L-Met) in phosphate buffer solution (pH = 7.0) utilizing the Mn 2 O 3 on screen-printed carbon electrode (Mn 2 O 3 /SPCE) and Mn 2 O 3 catalyst display excellent activity for catalytic reduction of p-Nitrophenol. Initially, as-prepared Mn 2 O 3 were characterized by various analytical methods. From the electrochemical studies bare SPCE showed an ill-defined oxidation peak around 1.214 (0.02) V for L-Met whereas Mn 2 O 3 /SPCE showed a well-defined oxidation peak at 1.173 (0.02) V. Under optimum conditions, the Mn 2 O 3 /SPCE showed a linear range of L-Met concentrations of 1.0 x 10 -6 to 6.1 x 10 -4 M. The limit of detection is about 1.0 x 10 -9 M (S/N = 3). The presently modified working electrode has also been effectively applied for the determination of L-Met in real sea food samples. The Mn 2 O 3 signifies user-friendly, strong and high sensitive with real applications for electrochemical determination of amino acids as well as catalytic reduction of p-Nitrophenol.
INTRODUCTION
Due to the structural, compositional flexibility, and excellent physicochemical properties of Manganese oxide, is considered to be a technologically significant material in catalysis, magnetism, molecular adsorption, high power batteries, electronics, and chemical sensing contrivances etc., [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . It possesses different oxidation states of 2+, 3+, 4+, and 6+. Amongst them, MnO 2 is one of the predominant manganese oxide phases, and its applications as electrode materials in primary Li/MnO 2 batteries, catalysts in ion sieves as well as in electrochemical capacitors [17] [18] [19] [20] [21] [22] [23] . The preparation of MnO 2 is difficult techniques due to its problematical designates of process control. Many synthesis procedures available for MnO 2 such as reduction process [24] , sol-gel [25] , thermal oxidation [26] , and chemical co-precipitation [27] . Manganese oxide employed an important role in electrochemical biosensors in recent years. Recent years, scientists were reported numerous electrochemical sensors based on MnO 2 [28] [29] [30] .
Most of the animals, and plants have sulphur involved chemical compounds and them performance a vital role in the active system [31] . L-methionine (L-Met) have sulphur-attached protein genic amino acids. It originates and avoids the infections in hair, and skin. It is a considerable amino acid and consequential role for living methylation reactions. By incrementing lecithin engenderment, L-Met is utilized to reduce the cholesterol level and additionally paramount for human magnification [32] . Deficiencies of L-Met have been attributed to muscle paralysis, toxemia, despondency, and reduced magnification [33] . Above-mentioned astringent effects of L-Met, the dosage level must be quantified in pharmaceutical performs. Accordingly, the purpose of L-Met is very consequential in the medical perspective. The electrochemical method has remarkable receptiveness due to its great selectivity and sensitivity, quick response, low cost, and simple procedure. From the literature survey there is many oxidation studies reported for L-Met by betokens of different modified working electrodes such as an electro-polymerized film of non-peripheral amine superseded Cu(II) phthalocyanine [34] , poly (3-amino-5-mercapto-1,2,4-triazole) [35] , colloidal-gold cysteamine [36] , and poly (methyl violet) [37] . The chemical structure of L-Methionine as exhibited in Scheme 1.
The main objective of this work is to develop a sensitive method for the detection of L-Met predicated on Mn 2 O 3 /SPCE for the first time. The prepared Mn 2 O 3 was characterized by different physico-chemical techniques. It was tenacious the L-Met with the limit of detection (LOD) is about 1 nM. We additionally demonstrated the practical applicability of accurate sample analysis in wild Salman, and Shrimp (spiked) samples predicated on Mn 2 O 3 modified SPCE and found acceptable instaurations. 
EXPERIMENTAL SECTION

Fabrication of Mn 2 O 3 /SPCE
5 mg of Mn 2 O 3 was well dispersed in 1 mL water under ultrasonic treatment for 1 h. On the surface of SPCE, the optimized concentration of about 8 µL of a dispersed solution was drop cast on the active surface of the SPCE followed by drying in an air oven at 30 °C for 1 h.
Characterization
The crystal structure, and surface morphology of the as-synthesized Mn 2 O 3 were studied by powder X-ray diffraction (XPERT-PRO; PANalytical B.V., Netherlands). The morphology and elemental mapping of the as-synthesized composite were studied by scanning electron microscopy (SEM Hitachi S-3000 H) attached with energy-dispersive X-ray analyzer, respectively. Cyclic voltammetry (CV), and differential pulse voltammetry (DPV) were performed on electrochemical analyzer (CHI 400, and 900; CH Instruments). In this present work we have used three electrode system, SPCE as a modified working electrode, saturated Ag/AgCl as a reference electrode, and Pt wire as a counter electrode. For whole electrochemical experiments were carried out in N 2 saturated, 0.05 M phosphate buffer solution (PBS) as a supporting electrolyte was prepared from Na 2 HPO 4 , and NaH 2 PO 4 . The textural properties of the Mn 2 O 3 sample were studied by N 2 adsorption/desorption isotherm, as shown in Fig. 3 
RESULTS AND DISCUSSION
Structural properties
Electro-catalytic oxidation of L-Met at Mn 2 O 3 /SPCE
Before studying the electro-catalytic oxidation property of the modified SPCE film towards LMet, we have examined the electrochemical behavior of Mn 2 O 3 /SPCE in 0.05 M PBS. CV obtained for bare SPCE and Mn 2 O 3 modified SPCE in 0.05 M PBS (pH 7) at a scanning rate of 50 mV s -1 is shown in Fig. 4 . There is no visible peak appeared when introduced SPCE into the electrochemical setup. It shows that a small difference in the CV curve with a small peak potential (1.214 V) at E pa (anodic peak potential), and also a small current by the addition of L-Met in bare SPCE. The well-marked anodic peak potential (E pa ) were detected at 1.173 V for the Mn 2 O 3 /SPCE. There is a no reduction peak appeared when the addition of L-Met. This result shows that the electrochemical behavior of L-Met is irreversible process. The oxidation mechanism of L-Met is shown in Scheme 2. However, Mn 2 O 3 /SPCE is showed maximum electro-oxidation performance compared to bare SPCE in terms of less over potential and high peak currents. Thus, Mn 2 O 3 /SPCE has a greater electro-oxidation ability to the oxidation of L-Met due to the good properties of conductivity and satisfactory surface area of the Mn 2 O 3 . The big anodic peaks happen at peak potentials of 1.173 V due to 2e -oxidation of the L-Met.
From the CV curves definitely that the Mn 2 O 3 /SPCE is a good electro-oxidation towards the L-Met. Scheme 2. Oxidation mechanism of L-Met. 
Influence of L-Met addition
Calibration curve, and limit of detection
Accumulation time, reproducibility, and operational stability
To study the impacts of an accumulation time for the electro-catalytic oxidation of L-Met, the CV curve were reported for Mn 2 O 3 /SPCE in the presence of 200 μM L-Met in 0.05 M PBS (pH 7) with a scanning rate of 50 mV s 1 as shown in Fig. 8A . Additionally, the oxidation peak currents for LMet were recorded for the different accumulation time started from 0 to 210 s, where the higher electro-catalytic oxidation peak current was detected for 90 s. Therefore, the modified electrode was optimized with suitable accumulation time was considered to be 90 s for a proficient electro-catalytic oxidation of L-Met molecule. Reproducibility of the sensor, was determined by using five different 
Real sample analysis
The suggested L-Met sensor was additional confirmed using real sample analysis, such as a Wild Salman, and Shrimp were found from a local market in Taipei, Taiwan. The biological samples were crushed with a little amount of water, and the extracted was ultra-centrifuged aforementioned to the real sample studies. The sample extracts were spiked by L-Met in PBS solution (10 mL), as shown in Fig. 9A, C . Plot between the concentration of biological samples, and current are shown in Fig. 9B , D. Obviously, the Mn 2 O 3 /SPCE is entirely appropriate for real sample analysis, the equivalent DPV results are shown in Table 2 . 
Catalytic reduction of p-NP
To evaluate the catalytic activity of Mn 2 O 3 during reduction of p-NP, test reactions were carried out by mixing aqueous solution of p-NP (1 x 10 -4 M) with a reducing agent (NaBH 4 ) (1 M).
When addition of appropriate amount of Mn 2 O 3 , into the reaction, and it was observed by UV-Vis spectroscopy. In brief, while addition of NaBH 4 into the aqueous p-NP (light yellow color), the reaction solution suddenly undertook from 317 to 400 nm, signifying the formation of pNitrophenolate ion, as shown in Fig. 10A . Without Mn 2 O 3 the reduction efficiency was very low (Fig.  10B) , while adding ca. 1 mg of Mn 2 O 3 into the above reaction mixture, a reliable decrease happened in the intensity of the absorption peak at 400 nm with time, representing a consecutive reduction of p-Nip (Fig. 10C ). This is accompanied by the presence of a new absorption peak at 300 nm, whose intensity gradually improved with time, showing the expected formation of p-Aminophenol (p-AP). Moreover, even in the existence of strong reducing agent NaBH 4 , the wavelength, and intensity of the peak responsible for p-Nip (at 400 nm) stayed closely unmoved in the absence of a Mn 2 O 3 . Based on a before reported scheme [27] , the mechanism for the reduction of p-NP in the occurrence of NaBH 4 over the Mn 2 O 3 is demonstrated in Scheme 3. Consequently, the catalytic reduction of p-NP over Mn 2 O 3 is motivated by the electron transfer from BH 4 -to p-NP through adsorption of the reactant molecules onto the surfaces of the Mn 2 O 3 (Step I). The catalytic reduction activity is known to depend on the surface area of the Mn 2 O 3 as well as the mass transfer resistant to the reactant. The final clearly assistances from the mesoscopic properties such as surface area, pore volume, and porous size of the Mn 2 O 3 . The catalytic reduction of p-NP, which is the rate-determining step is activated by the relations of the adsorbed p-NP with hydrogen atoms bound on the active surfaces of Mn 2 O 3 (Steps II and III). As a result of reduction reaction, p-AP is formed, followed by the desorption of product from the Mn 2 O 3 ( Step IV) and reactivation of the Mn 2 O 3 system [27] .
Scheme 3. The suggested mechanism of the catalytic reduction of the 4-NP by NaBH 4 using Mn 2 O 3.
CONCLUSIONS
In conclusion, we have reported electrochemical determination of L-Met and catalytic reduction of p-Nitrophenol. From the electrochemical study, the results revealed the bare SPCE showed a little bit oxidation peak for L-Met whereas, the modified working electrode displayed a welldefined oxidation peak, and improved its oxidation current. Using the DPV method, a detection limit is about 1.0 × 10 -9 M (S/N=3) was attained. The modified working electrode indicated a good recovery for L-Met in Wild Salman, and Shrimp, representing that the current technique may be used for practical applications. In particular, Mn 2 O 3 catalyst were found capable of reducing p-Nitrophenol to p-Aminophenol with extraordinary reactivity in the presence of NaBH 4 as the reducing agent. From UV-Vis spectroscopy results the complete reduction of p-NP to p-AP can be reached within 5-6 min even with a catalyst loading of only 1 mg. The benefits of the current modified working electrode are ease in alteration, no need to preserve the electrode in the refrigerator or buffer solution, and highly stable, and catalyst has excellent property of reduction of p-NP.
